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REPLACED m 



SEALING BUSH FOR TUBE INSERTED THROUGH PARTITION 
AND MULTI -FLASH EVAPORATOR INCORPORATING SAME 

TECHNICAL FIELD 

The present invention relates to sealing bushes, for 
example, for use in causing condensation tubes to extend 
through a plurality of evaporation chambers divided by a 
plurality of partitions and each to be maintained at a 
predetermined pressure, for sealing off a clearance in 
each of through holes formed in the partition around the 
condensation tube inserted through the hole, and to 
multi-flash evaporators incorporating such bushes. 

BACKGROUND ART 

Evaporators are already well known which comprise a 
plurality of evaporation chambers separated from one 
another by a partition and each to be maintained at a 
predetermined pressure, and a bundle of condensation 
tubes inserted through respective holes in the partition 
to extend through all the evaporation chambers . A 
clearance in each of the holes in the partition around 
the condensation tube inserted therethrough is 
conventionally sealed off by forming an annular groove 
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of larger diameter than the hole in an edge portion of 
the partition defining the hole, fitting a metal ring 
into the annular groove and forcibly inserting the 
condensation tube through the ring. 
5 The conventional seal thus formed has the problem of 

necessitating much time and labor for forming the 
annular groove and the problem of corrosion of the metal 
ring used- Another problem is also encountered in that 
the ring will slip off or will remain fixed to the 
10 condensation tube when the tube is to be replaced. 

An object of the present invention is to provide a 
bush for sealing a clearance in a through bole in a 
partition around a tube inserted through the hole, by 
which the clearance can be sealed off with reduced time 

15 and labor less costly without the likelihood of 

corrosion while rendering the tube replaceable easily 
without permitting the bush to slip off or to become 
fixed to the tube* 

Another object of the present invention is to 

20 provide a multi-flash evaporator having incorporated 

therein such sealing bushes for tubes inserted through 
partitions , 
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DISCLOSURE OF THE INVENTION 

The present invention provides a sealing bush for a 
tube inserted through a hole formed in a partition for 
sealing a clearance in the hole around the tube, the 
5 sealing bush comprising a cylindrical body having an 

inner periphery with a diameter greater than the outside 
diameter of the tube, an outer periphery with a diameter 
smaller than the diameter of the hole and a front- to- 
rear length greater than the depth of the hole, an inner 
10 seal portion formed on the inner periphery of the body 
and fittable around the tube in intimate contact 
therewith, an outer seal portion formed on the outer 
periphery of the body and fittable to an inner 
peripheral surface of the partition defining the hole in 
15 intimate contact with the surface, an engaging portion 
formed on the outer periphery of the body at a front end 
thereof and projecting radially outwardly of the body 
for preventing the bush from reversely slipping out of 
the hole, the engaging portion being forcibly movable 
2 0 through the hole and engageable with a front edge of the 
hole -defining inner peripheral surface of the partition 
after being moved through the hole, and a retaining 
portion formed on the outer periphery of the body at a 
rear end thereof and projecting radially outwardly of 



the body, the retaining portion being movable into 
contact with a rear edge of the hole-defining inner 
peripheral surface of the partition after the engaging 
portion is forcibly moved through the hole to prevent 
5 the bush from moving through the hole. 

When fitted into the hole formed in the partition, 
the sealing bush of the invention is fixed in position. 
When the tube is then merely inserted through the bush f 
a clearance in the hole of the partition around the tube 
10 inserted through the hole can be sealed. The bush 
therefore eliminates the need for the time-consuming 
costly procedure of making the annular groove, ensuring 
a sealing effect by the inner seal portion and the outer 
seal portion. The engaging portion and the retaining 
15 portion further prevent the bush from slipping off the 
partition or becoming fixed to the tube, consequently 
assuring facilitated replacement of the tube. 

Preferably, the front end of the body is formed with 
slits extending longitudinally thereof for permitting 
2 0 the engaging portion to move through the hole easily. 

More preferably, the engaging portion is shaped in 
the form of a rectangular triangle having a small angle 
at a front end thereof in longitudinal section. 
Further preferably, the bush is made of a 
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nonmetallic material such as Teflon. Teflon (PTFE) has 
corrosion resistance over a wide temperature range, 
overcoming the problem of corrosion to be encountered 
with the use of the metal ring, 
5 The preferred apparatus having such bushes 

incorporated therein include, for example, a multi- flash 
evaporator which comprises a multiplicity of housings 
elongated from front rearward and arranged side by side 
from left rightward, the housings having a pressure 

10 successively reducing from housing to housing from the 
left rightward, a bundle of condensation tubes provided 
in a widthwise central portion of each of the housings 
at an upper part thereof and extending longitudinally of 
the housing, a gutterlike condensate receptacle disposed 

15 below the tube bundle for receiving a condensate from 
the tube bundle, an evaporation chamber central 
partition positioned between a widthwise midportion of a 
bottom wall of the condensate receptacle and a widthwise 
midportion of a bottom wall of the housing and extending 

20 longitudinally of the housing for forming left and right 
evaporation stages in a lower portion of the housing, a 
condensation chamber central partition disposed at a 
lengthwise midportion of the tube bundle and having the 
condensation tubes inserted therethrough, a condensation 
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chamber left front -half partition extending from an 
upper edge of a left side wall of the condensate 
receptacle to a widthwise midportion of a top wall of 
the housing around a front half of the tube bundle and 
5 covering an outer periphery of the front half of the 
tube bundle at a left side thereof for permitting vapor 
produced in the left evaporation stage to flow into the 
tube bundle only at a rear half thereof , and a 
condensation chamber right rear-half partition extending 

10 from an upper edge of a right side wall of the 

condensate receptacle to the widthwise midportion of the 
top wall of the housing around the rear half of the tube 
bundle and covering an outer periphery of the rear half 
of the tube bundle at a right side thereof for 

15 permitting vapor produced in the right evaporation stage 
to flow into the tube bundle only at the front half 
thereof, so that sea water admitted into the housing at 
the left end is caused to flow into all the other 
housings successively through orifices and flashed for 

20 desalination, the condensation chamber central partition 
being formed with holes having a diameter greater than 
the outside diameter of the condensation tubes, the 
sealing bush described above being fitted in each of the 
holes around the condensation tube inserted through the 
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hole . 

Since the multi-flash evaporator for desalinating 
sea water has the likelihood of corrosion with vapor, 
metal seals are not suited to use in the evaporator, 
5 while the chambers separated by a partition are small in 
pressure difference therebetween, and the internal 
pressure of the chambers is as low as up to 1 atom. 
Accordingly the sealing bush described above is suitable 
for use in the multi- flash evaporator for the tubes 
10 inserted through the partition. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a fragmentary perspective view showing a 
multi-flash evaporator provided with sealing bushes of 
the invention for tubes inserted through a partition. 
15 FIG, 2 is an enlarged view in cross section showing 

the front half of the evaporator of FIG. 1. 

FIG . 3 is an enlarged view in cross section of the 
rear half of the same . 

FIG. 4 is a perspective view showing a first 
20 embodiment of sealing bush of the invention for the 
partition- inserted tube- 

FIG. 5 is a view in longitudinal section of the 
same * 
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embodiment witli respect to the body 41, inner seal 
portions 42 and outer seal portion 43. 

When the sealing bush 40 is forcibly fitted into the 
hole 7a of the partition 7, the engaging portion 44 is 
5 diametrically diminished owing to the presence of the 
slits 46, with the outer seal portion 43 elastically 
deformed, so that the bush 40 can be fitted in easily. 
The bush 4 0 as fitted in is prevented from moving 
longitudinally thereof by the engaging portion 44 and 

10 the retaining portion 45, while the outer seal portion 
43 effectively seals off the joint between the bush 40 
and the partition 7. When the condensation tube 5a is 
thereafter inserted through the bush 40, the inner seal 
portions 42 elastically deform, facilitating the 

15 insertion of the tube 5a and effectively sealing off the 
joint between the bush 40 and the tube 5a to hold the 
tube 5a to the partition 7 fluid- tightly . With the bush 
40 of the third embodiment , the engaging portion 44 
comprises the projections 44a , consequently rendering 

20 the bush 40 fittable into the through hole 7a with a 
reduced f orce . 

While the sealing bushes 20, 30, 40 of the invention 
for the tubes extending through a partition are suited 
for use in multi-flash evaporators as described above. 
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the bushes are usable also in various other apparatus 
such as condensers and heat exchangers for sealing off a 
clearance in a through hole formed in a partition around 
a condensation tube inserted through the hole. 

5 INDUSTRIAL APPLICABILITY 

The present invention relates to sealing bushes for 
tubes inserted through partitions for use in multi- flash 
evaporators and the like, also relates to mult i- flash 
evaporators incorporating such bushes , and is to make it 
10 possible that a clearance is sealed off with reduced 
time and labor less costly without the likelihood of 
corrosion while rendering the tube replaceable easily 
without permitting the bush to slip off or to become 
fixed to the tube. 
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CLAIMS 

1. A sealing bush for a tube inserted through a hole 
formed in a partition for sealing a clearance in the 
hole around the tube, the sealing bush comprising a 
5 cylindrical body having an inner periphery with a 

diameter greater than the outside diameter of the tube, 
an outer periphery with a diameter smaller than the 
diameter of the hole and a front -to-rear length greater 
than the depth of the hole, an inner seal portion formed 

10 on the inner periphery of the body and fit table around 
the tube in intimate contact therewith, an outer seal 
portion formed on the outer periphery of the body and 
fittable to an inner peripheral surface of the partition 
defining the hole in intimate contact with the surface, 

15 an engaging portion formed on the outer periphery of the 
body at a front end thereof and projecting radially 
outwardly of the body for preventing the bush from 
reversely slipping out of the hole, the engaging portion 
being forcibly movable through the hole and engageable 

20 with a front edge of the hole-defining inner peripheral 
surface of the partition after being moved through the 
hole, and a retaining portion formed on the outer 
periphery of the body at a rear end thereof and 
projecting radially outwardly of the body, the retaining 
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portion being movable into contact with a rear edge of 
the hole-defining inner peripheral surface of the 
partition after the engaging portion is forcibly moved 
through the hole to prevent the bush from moving through 
5 the hole. 

2. A sealing bush according to claim 1 wherein the 
front end of the body is formed with slits extending 
longitudinally thereof for permitting the engaging 
portion to move through the hole easily* 

10 3. A sealing bush according to claim 2 wherein the 

engaging portion is shaped in the form of a rectangular 
triangle having a small angle at a front end thereof in 
longitudinal section. 

4. A sealing bush according to claim 1 which is made 

15 of a nonmetallic material. 

5- A multi-flash evaporator comprising a 
multiplicity of housings elongated from front rearward 
and arranged side by side from left rightward, the 
housings having a pressure successively reducing from 

20 housing to housing from the left rightward, a bundle of 
condensation tubes provided in a widthwise central 
portion of each of the housings at an upper part thereof 
and extending longitudinally of the housing, a 
gutterlike condensate receptacle disposed below the tube 
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bundle for receiving a condensate from the tube bundle, 
an evaporation chamber central partition positioned 
between a widthwise midportion of a bottom wall of the 
condensate receptacle and a widthwise midportion of a 
5 bottom wall of the housing and extending longitudinally 
of the housing for forming left and right evaporation 
stages in a lower portion of the housing , a condensation 
chamber central partition disposed at a lengthwise 
midportion of the tube bundle and having the 

10 condensation tubes inserted therethrough, a condensation 
chamber left front -half partition extending from an 
upper edge of a left side wall of the condensate 
receptacle to a widthwise midportion of a top wall of 
the housing around a front half of the tube bundle and 

15 covering an outer periphery of the front half of the 

tube bundle at a left side thereof for permitting vapor 
produced in the left evaporation stage to flow into the 
tube bundle only at a rear half thereof, and a 
condensation chamber right rear-half partition extending 

20 from an upper edge of a right side wall of the 

condensate receptacle to the widthwise midportion of the 
top wall of the housing around the rear half of the tube 
bundle and covering an outer periphery of the rear half 
of the tube bundle at a right side thereof for 



permitting vapor produced in the right evaporation stage 
to flow into the tube bundle only at the front half 
thereof, so that sea water admitted into the housing at 
the left end is caused to flow into all the other 
housings successively through orifices and flashed for 
desalination , the condensation chamber central partition 
being formed with holes having a diameter greater than 
the outside diameter of the condensation tubes, a 
sealing bush according to claim 4 being fitted in each 
of the holes around the condensation tube inserted 
through the hole* 

6, A multi-flash evaporator according to claim 5 
wherein the front end of the bush body is formed with 
slits extending longitudinally thereof for permitting 
the engaging portion to move through the hole easily. 

7. A multi-flash evaporator according to claim 6 
wherein the engaging portion of the bush is shaped in 
the form of a rectangular triangle having a small angle 
at a front end thereof in longitudinal section . 
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Form PCT/IPEA/409 (cover sheet) (July 1998) 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 

PCT/JPOO/03172 



I. Basis of the report 



1. With regard to the elements of the international application: 
| | the international application as originally filed 

the description: 

pages 

pages 

pages 



5-13 



, as originally filed 



filed with the demand 



1,2,3,4,4/1,14,15 



. filed with the letter of 



02 May 2001 (02.05.2001) 



the claims: 

pages 

pages 

pages 

pages 



, as originally filed 

, as amended (together with any statement under Article 19 
, filed with the demand 



1.2 



filed with the letter of 



02 May 2001 (02.05.2001) 



the drawings: 

pages 

pages 
pages 



1-12 



, as originally filed 
, filed with the demand 



.filed with the letter of 



□ 



the sequence listing part of the description: 
pages 

pages 

pages 



, as originally filed 

filed with the demand 



filed with the letter of 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following laneuaee which is* 

□ 

the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 
I 1 the language of publication of the international application (under Rule 48.3(b)). 

\^] the language of the translation furnished for the purposes of international preliminary examination (under Rule 55.2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

□ 

contained in the international application in written form. 

□ 

filed together with the international application in computer readable form. 



□ 
□ 
□ 

□ 



furnished subsequently to this Authority in written form, 
furnished subsequently to this Authority in computer readable form. 

The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

The statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished. 

The amendments have resulted in the cancellation of: 

1 I the description, pages 

LXJ the claims. Nos. 3-7 



I 1 the drawings, sheets/fig _ 



_ | 1 This report has been established as if (some of) the amendments had not been made, since they have been considered to go 
— beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 

* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
in this report as "originally filed" and are not annexed to this report since they do not contain amendments (Rule 70.16 
and 70. 1 7). 

** Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this report. 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 



citations and explanations supporting such statement 

1 . Statement 

Novelty (N) Claims 1,2 YES 

Claims NO 

Inventive step (IS) Claims YES 

Claims l s 2 NO 

Industrial applicability (IA) Claims 1,2 YES 

Claims NO 



2. Citations and explanations 

Document 1: JP, 51-51066, Y2 (Mitsubishi Heavy Industries, Ltd.), 8 December, 1976(08.12.76) 
Document 2: Microfilm of the specification and drawings annexed to the written application of Japanese 
Utility Model Application No. 105071/1981 (Laid-open No. 10587/1983) (Hitachi Zosen Corp.), 24 
January, 1983 (24.01.83) 

Document 3: Microfilm of the specification and drawings annexed to the written application of Japanese 
Utility Model Application No. 1 1 1736/1971 (Laid-open No. 65902/1973) (Hitachi Ltd.), 21 August, 
1973 (21.08.73) 

Document 4: EP, 139337, A2 (Pidou B.V.), 2 May, 1985 (02.05.85) 

Document 5: Microfilm of the specification and drawings annexed to the written application of Japanese 
Utility Model Application No. 15847/1972 (Laid-open No. 9401 1/1973) (Nishikawa Rubber Co., Ltd.), 
10 November, 1973 (10.11.73) 

Document 6: JP, 58-27838, Y2 (Mitsubishi Heavy Industries, Ltd.), 16 June, 1983 (16.06.83) 
Document 7: JP, 62-186903, A (Westinghouse Electric Corp.), 15 August, 1987 (15.08.87) 

Claim 1 

The subject matter of claim 1 does not appear to involve an inventive step in view of documents 1-6 
and document 7 cited in the ISR. 

A person skilled in the art could have easily conceived of applying the seal means described in 
documents 3-5 to the subject matters of claims 1 and 2. 

The longitudinal slit described in claim 1 is disclosed in document 1 and a person skilled in the art 
could decide as required to provide a plurality of longitudinal slits in embodying the invention, in 
consideration of ease of insertion and other matters. 

A person skilled in the art could have easily conceived of applying the invention of documents 1 and 
2 to a multi-stage flash evaporator as described in documents 6 and 7. 

Claim 2 

The subject matter of claim 2 does not appear to involve an inventive step in view of documents 1-6 
and document 7 cited in the ISR. 

Claim 2 describes that the material is non-metallic but this is disclosed both in documents 1 and 2. 
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